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+2.106e+00
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S, Mises S, Mises
(F19: 75%) (F14: 75%)
+3.087e+02 +2.500e+02
+2.841e+02 +2.296e+02
+2.595e+02 +2.093e+02
+2.349e+02 +1.889e+02
+2.103e+02 +1.686e+02
+1.857e+02 +1.482e+02
+ +1.611e+02 +1.278e+02
+1.366e+02 +1.075e+02
+1.120e+02 +8.711e+01
+8.739e+01 +6.675e+01
+6.281e+01 +4.63%e+01
+3.822e+01 +2.603e+01
+1.364e+01 +5.672e+00
- - L A — ane — L /e )
(2) a=60° t/D;=0.6 I KNS (b) @=90° t/D;=0.8 i ¥1d5 KA5xLN )
S;:812
(F1#: 75%) S, 51.2 )
+1.420e+02 (F49: 75%)
+1.302e+02 Iig%g:g%
110650105 ¥111606+02
i +1.044e+02
Toscaeror +9.278e+01
+8.280e+01 18 118er01
+7.096e+01
+6.957e+01
+5.912e+01 15 7960+01
+4.728e+01 +4.6366+01
+3.544e+01 +3.475e+01
+2.360e+01 +2.314e+01
+1.176e+01 +1.154e+01
-7.542e-02 -6.890e-02

(¢) a=60° t/D;=0.6 HI{IBY J) (d) a=90° t/D;=0.8 BN J)
Bl 13 AN AR LURHE S 250 T ABY U1 R K55 30% 7 = 1

e 14 h2g it T AR RESECR BN Al = o Bz B mT g, HE 6 B0 S 1 5 K 17 A3
M AT (1 L 8 4

U, Magnitude U, Magnitude
+1.579e+01 +3.443e+00
+1.542e+01 +3.228e+00
+1.505e+01 +3.014e+00
+1.469e+01 +2.799e+00
+1.432e+01 +2.584e+00
+1.395e+01 +2.370e+00
+1.359e+01 +2.155e+00
+1.322e+01 +1.940e+00
+1.286e+01 +1.725e+00
+1.249e+01 +1.511e+00
+1.212e+01 +1.296e+00
+1.176e+01 +1.081e+00
+1.139e+01 +8.666e-01

(a) a=230° t/D;=0.6I¥ilnfr
Kl 14 AEHEHAER DL R A =

(b) a=120°, t/D;=1.2 {4t m A7
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Hes Ay
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( 280 o
121 m = a=230°
F ‘\\ —a— o =30° 260 - @\ ® o=60°
10r m —@—a=60° 3! A0 =90°
| \ —&— g =90° 240 & “‘\.‘ v a=120°
8 \ v a=120° - X .
£ | N S 20-vA\
E > v\\. [}
i 6 [} \\ é% 200 F ‘ N
I e . S v\:
Ty : e . . . 180 '\3\
2r I; : L_‘ 160 F 3\\ :;7 g
- ! s+ 33 PV Y
00 01 02 03 04 05 06 0.7 08 09 1 1400 01 02 03 014 015 0.16 017 01.8 OTQ ;l.
u u
(@) A [Fi) FE i 22 50T pA 00 [ o o Ak B 97 % (o) AN [R] P43 2R H0 N P e K4 KN )
&l 15 EEER R EOHE & T8 v 2 ) M e R )
7EK 16 P T a = 60°, /D= 1 I AN[E] BER R EUG OL T i RSN Ty oA = B, eI

AT DLRL, B KA T W INRIA S B AR 1758 T a =
X R IOHE AR R K, B KA AL A A1 A T (1 0 ik

MR AR =

AR

A R4

90°, t/Dj= 1 W/ [H] RS R BT I

BT Bk 2 ZHE AT, SRS E LA R Dy = 220 mm, a=70°, £=0.05 [ P =71.6 MPa,
FE AR TS FE A DU 1 V55 A 58 o s 2 A A e K 5%

BN TR, b 18 s, HizE e L, ME

Pl . ISR - =72
JERRE—E A (Bl t/D; = 1) J5, EXNEMR AR TS, W EEARSE N A5 1 52 L
N,

S, Mises S, Mises

(F19: 75%) (F4: 75%)
+2.577e+02 +2.333e+02
+2.368e+02 +2.143e+02
+2.158e+02 +1.953e+02
+1.948e+02 +1.763e+02
+1.738e+02 +1.573e+02
+1.528e+02 +1.383e+02
+1.318e+02 +1.193e+02
+1.109e+02 +1.003e+02
+8.987e+01 +8.133e+01
+6.889e+01 +6.233e+01
+4.790e+01 Igigggigi
+2.692e+01 Z
+5.934e+00 +5.336e+00

(@) u=0.05 I (18 KEERNY ) (b) g = 0.1 N KB R EE RN )

S, Mises S Mises

(F49: 75%) F49: 75%
+1.974e+02 ( tﬂ+1 7§ge+02
+1.812e+02 +1.632e+02
+1.650e+02 +1.484e+02
Lidoeer02 +1.336e+02
+1.327e+02 +1.188e+02
11100602 +1.039e+02
10056402 +8.912e+01
+8.409e+01 +7.430e+01
+6.790e+01 +5.947e+01
+5.171e+01 +4.465e+01
+3.552e+01 12°983e+01
+1.933e+01 +1.501e+01
+3.140e+00 +1.9046-01
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U, Magnitude U, Magnitude
+3.511e+00 +3.392e+00
+3.300e+00 +3.156e+00
+3.089e+00 +2.919e+00
+2.878e+00 +2.683e+00
+2.668e+00 +2.447e+00
+2.457e+00 +2.211e+00
+2.246e+00 +1.974e+00
+2.035e+00 +1.738e+00
+1.824e+00 +1.502e+00
+1.613e+00 +1.266e+00
+%¢Ig§e:88 +1.030e+00
+1.191e -
+9.800e-01 Mo e
(a) a=90° u=0.15 IAIHIIIFLES (b) a=90° u=0.2 iR

K17 AN B AR e K ) A2 A% 7 B

751 360

P =716 MPa P =716 MPa

7h D, =220 mm 340 D, =220 mm
n= 0.05 320+ u= 0.05

651 a=10° a=10°
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Strength Analysis of Thick Conical Window for Full Ocean Deep
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Abstract

Full ocean deep (FOD) manned submersible is one of the most challenging deep sea equipment in the
field of marine technology. There is technical difficulty in design of the frustum type of observation window
for the FOD manned submersible. The software ABAQUS is used to verify the experiments in the literature,
and the reliability of the finite element method has been proved. Then a finite element model with two
different boundary conditions is established and difference of the solutions to displacement and stress is
compared and analyzed. Effects of parameters such as cone angle a, ratio of thickness to diameter t/D;,
friction coefficient x and the chamfer on the displacement and stress of the conical window are studied. It is
shown that the data of the finite element simulation are slightly larger and more conservative than the
experimental results. Axial displacement of the free boundary is larger than that of the fixed boundary, which
is more accord with the real action. The three design parameters are inversely proportional to the stress and
displacement, and a reasonable optimal interval between the cone angle and the ratio of the thickness to the
diameter is obtained. Establishment of the chamfer at the inner side edge of the conical window is beneficial
to reduce stress concentration.

Key words: HOV; conical window; finite element analysis (FEA); contact
£ & & 7t

MESB 5, 197944, Wit BIOFURA, BEAESI. EENFEMRR SIS KN RS R PR BRI
BT FT M T REBE VAN BRI 9T A%

= & W, 19954, WEATIA . TG LR T S0 IR AR AT .

YR 5, 1963 /L, Wk, R, WLESI. BEONFMRAI RABRE DT SOR ik AR 7 A f R I St
T ARANR YA A (R AL T 15 0 B S5 9 AR



